ABSTRACT This study aimed to characterize Pseudomonas aeruginosa isolates in 2 intensive care units in Egypt and Saudi Arabia. P. aeruginosa isolates from patients' and staff hands and environmental samples were typed using antibiotyping and ERIC-PCR. In Egypt, isolates from suction apparatus tubing and drainage containers (A7) and AV tubing (A8) were linked to those from patients who had these antibiotypes. In Saudi Arabia, isolates from suction apparatus tubing (A6) and AV tubing (A7) were linked to patients with the same antibiotypes. In Egypt, patients' isolates had ERIC VII, VIII and IX patterns linked to suction apparatus tubing, AV machine tubes and drainage containers. In Saudi Arabia, patients' isolates had ERIC VIII and XI patterns linked to suction apparatus tubing and AV machines. In Egypt and Saudi Arabia, ERIC typing gave higher discriminatory indices (0.801 and 0.785 respectively) than the antibiotyping (0.7123 and 0.728 respectively). ERIC was superior to antibiotyping and should be used in tracing sources of infection. 
Introduction
The Gram-negative bacterium Pseudomonas aeruginosa is frequently associated with hospital-acquired infections in intensive care units (ICUs) [1] . It has been identified as the 2nd most frequent organism causing ventilatorassociated pneumonia, the 4th most common causing catheter-associated urinary tract infections, the 5th cause of surgical site infections and the 7th cause of central-line-associated bloodstream infections [2] . P. aeruginosa has inherent resistance to many drug classes [3, 4] . Moreover, it can acquire resistance via mutations and harbouring integrons with multiple resistance genes such as those coding for metallo-β-lactamases (MBL) that can cleave the most active antimicrobial agents against it (carbapenems) [3] .
The source of P. aeruginosa in intensive care units (ICUs) can be either endogenous or exogenous; isolates that have unique genotypes are considered as possibly endogenous while those of the same genotype with either patient or environmental samples are considered as possibly exogenous [5] . Optimal control of P. aeruginosa outbreaks may require rapid identification and strain differentiation. Traditionally, it has been typed on the basis of its phenotypic characteristics but this technique may lack discriminatory power and stability [6] . Molecular techniques offer a considerable improvement, and can complement phenotypic data to obtain a better understanding of bacterial diversity [7] . Pulsed field gel electrophoresis is commonly employed and has achieved widespread recognition as the gold standard for P. aeruginosa deoxyribonucleic acid (DNA) typing [8, 9] . However, this method is limited by its technical complexity, expense and prolonged turnaround times for results [7] . As an alternative, repetitiveelement-based polymerase chain reaction (rep-PCR) assays that utilize primers targeting highly-conserved repetitive sequence elements in the bacterial genome have shown considerable potential as DNA typing tools in the laboratory [10] . One of such groups of repetitive elements is the enterobacterial repetitive intergenic consensus (ERIC) sequences which are common to Gram-negative enteric bacteria [11, 12] . The products of ERIC-PCR, with chromosomal DNA of different bacterial strains, were found to generate very characteristic patterns when separated on agarose gels. Thus, it has been proposed that ERIC-PCR is a useful method to fingerprint bacterial genomes [13] .
This work was designed to elucidate the epidemiology of P. aeruginosa isolates in ICUs in both Egypt and Saudi Arabia and to identify MBL-producing isolates. It also aimed to compare typing methods by antibiogram and ERIC-PCR for their discriminatory power and compatibility.
Methods
This study was conducted in the Department of Medical Microbiology and Immunology, Faculty of Medicine, University of Zagazig, Egypt and the Department of Medical Microbiology, King Abdulaziz University, Saudi Arabia in the period from January 2009 to December 2010. This study was approved by the ethics committees of Zagazig University Hospital and King Abdulaziz University.
Study sample
A total of 270 samples were collected from patients, staff hands and the environment from surgical adult ICUs of both hospitals:
• 180 samples were collected from patient sources, including 30 sputum, endotracheal aspirate, blood, wound exudate, burn exudate and urine specimens.
• 30 samples were collected from staff hands at midday, by which time staff members had been in contact with patients for several hours. For each staff member 30 mL of sterile nutrient broth was poured into a sterile plastic bag and the hands were massaged in the broth for 30 s [14] .
• 60 environmental samples were taken throughout the ICU, including water taps, faucet handles, drainage containers, mops, manual resuscitation bags, AV tubing, suction apparatus tubing, air condition outlets and antiseptic solutions. Surfaces were swabbed with sterile cotton swab sticks and fluid samples were pipetted using sterile disposable plastic pipettes. [17] and red butt and slant of triple sugar-iron medium [18] .
Isolation and identification of

Antibiogram
Antibiotic resistance testing was done by the Kirby-Bauer disk diffusion ‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫عرش‬ ‫التاسع‬ ‫املجلد‬ ‫األول‬ ‫العدد‬
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DNA detection by agarose gel electrophoresis Amplification products and DNA molecular weight marker (GeneRuler™ 1 kb Plus®) were detected by using agarose gel electrophoresis [23] . These were visualized on a UV transilluminator (Biometra) and photographed.
Statistical analysis
All data were tabulated and then processed using SPSS, version 12.0. Qualitative variables were expressed by percentages and compared using the chi-squared test or Fisher exact test when appropriate. A P-value < 0.05 was considered statistically significant. The numerical discriminatory index, which is a measure of the discriminatory ability of the typing methods was calculated according to Hunter [24] .
Results
Isolation rate of P. aeruginosa Table 1 shows that in Egypt and Saudi Arabia, P. aeruginosa was isolated from 32.8% and 30.0% of patient samples respectively. In Egypt, the highest isolation rate was from burn exudates (66.7%), while in Saudi Arabia, it was from endotracheal aspirates (36.7%).
There was a statistically significant difference between data from Egypt and Saudi Arabia only in the rate of isolation of P. aeruginosa from burn exudates (P = 0.02).
The isolation rate of P. aeruginosa from environmental samples in Egypt was 25.0% overall and was highest (57.1%) from suction apparatus tubing (Table 1) . In Saudi Arabia, it was 23.3% overall and was highest from suction apparatus tubing and artificial ventilation machine tubes (42.9%). Table 1 shows that 10.0% and 6.7% of staff hand samples from Egypt and Saudi Arabia respectively were culture positive Risk factors for acquiring P. aeruginosa Table 2 shows the univariate analysis of risk factors for acquiring P. aeruginosa infection based on analysis of patient samples in Egypt and Saudi Arabia. There were statistically significant difference as regards age ≥ 60 years (P = 0.04 in Egypt; P < 0.001 in Saudi Arabia), length of hospital stay ≥ 7 days (P < 0.001 in both countries), cancer in Egypt only (P = 0.01), surgery (P < 0.001 in both countries) and use of antibiotics ≥ 2 days (P = 0.009 in Egypt; P < 0.001 in Saudi Arabia). Table 3 reveals that antibiotic resistance rates of clinical isolates in Egypt and Saudi Arabia were highest to aztreonam (96.6% and 98.1%), followed by cefepime (76.3%) and tobramycin (67.8%) in Egypt, and followed by meropenem (72.2%) and ceftazidime (70.4%) in Saudi Arabia. On the other hand, the resistance rate of environmental isolates was 100% to aztreonam and ceftazidime in Egypt and ceftazidime and cefepime in Saudi Arabia (Table 3) . Colistin was the only antibiotic to which nearly all strains were sensitive. Table 4 shows the frequency of MBL-producing imipenem-resistant strains was 16/29 (55.2%) in Egypt and 36/54 (66.7%) in Saudi Arabia from clinical isolates, was 2/3 (66.7%) from environmental strains and was not detected in staff hand strains in either Egypt or Saudi Arabia. These differences were statistically significant (P < 0.001) in the same country.
Antibiotic resistance
Antibiotyping Tables 5 and 6 shows the antibiotyping of isolates, showing 9 anti biotype patterns in Egypt and 8 in Saudi Arabia, ranging from pattern A1, which was sensitive to all tested antibiotics to pattern A9 and A8 which were resistant to all tested antibiotics except colistin. In method according to Clinical Laboratory Standards Institute guidelines [19] . The following antibiotics (Oxoid) were used: piperacillin 100 µg, ceftazidime 30 µg, cefepime 30 µg, aztreonam 30 µg, imipenem 10 µg, meropenem 10 µg, colistin 25 µg, amikacin 30 µg, gentamycin 10 µg, tobramycin 10 µg and ciprofloxacin 5 µg. Screening for MBLs was performed by the imipenem-EDTA combined-disk test as described by Yong et al. [20] .
PCR methods
DNA extraction
All strains were freshly cultured on nutrient agar before DNA extraction using the QIAamp DNA mini kit (Qiagen GmbH) according to the manufacturer's instructions. The extracts were then kept at -20 °C until use.
ERIC-PCR typing
ERIC-PCR typing was performed as reported previously [21] using PCR-GOLD Master-Mix Beads (Bioron, The Enzyme Company). The following materials were added to each PCR bead: 50 ng of DNA template, 10 pmole of each primer (Bioneer™ Corporation); ERIC1R (5′ ATG TAA GCT CCT GGG GAT TCA C 3′) and ERIC2 (5′ AAG TAA GTG ACT GGG GTG AGC G 3′) [22] and deionized distilled water to a final volume of 50 µL. These were mixed well by automatic pipette, followed by brief centrifugation to collect the contents at the bottom of the tube. For the negative control reaction, all components of PCR reaction were added to the bead except for DNA to exclude any source of contamination. The gene segments were amplified using a DNA thermal cycler (Biometra). The reaction conditions were as follows: initial denaturation at 94 °C for 1 min, followed by 35 cycles of denaturation at 94 °C for 45 s, annealing at 52 °C for 45 s and DNA chain extension at 72 °C for 2 min, and a final extension at 72 °C for 10 min.
Egypt, there were epidemiological relationships between suction apparatus tubing and drainage containers (A7) and artificial ventilation (AV) machine tubes (A8) and patients who had A7 and A8 antibiotypes; however, there was no direct link between isolates from staff hands (A1 and A2) and patients. In Saudi Arabia, there were relationships between antibiotypes of suction apparatus tubing (A6) and AV machine tubes (A7) and patients where they had A6 and A7 antibiotypes but there was no direct link between isolates from staff hand (A3 and A4) or patients.
P. aeruginosa isolates were typeable by ERIC-PCR and yielded 15 and 12 ERIC patterns from Egypt and Saudi Arabia respectively, with 4 to 11 bands in Egypt ( Figure 1 ) and 3 to 9 bands in Saudi Arabia (Figure 2 ). The size of amplified DNA bands ranged from 110 bp to 1535 bp.
From ERIC-PCR typing methods MBL-producing strains showed epidemiological relationships among 3 sites in Egypt: suction apparatus tubing, AV tubing and drainage container (ERIC VII, VIII and IX genetic patterns respectively). In Saudi Arabia, we found links to suction apparatus tubing and AV machine sites (ERIC VIII and XI genetic patterns respectively).
On calculating the discriminatory index of both typing methods (antibiotyping and ERIC), we found that ERIC typing gave a higher discriminatory index in Egypt and Saudi Arabia (0.801 and 0.785 respectively) than the antibiogram (0.712 and 0.728 respectively) ( Table 7) .
Discussion
In spite of significant changes in the spectrum of organisms causing nosocomial infections in ICUs, P. aeruginosa has held a nearly unchanged position as an important pathogen [2] . In Egypt and Saudi Arabia, the rate of isolation from patient samples was 32 [27] . In Egypt, the highest isolation rate from patient samples was from burn exudates (66.7%). This in accordance with Gad et al.
(72.0%) [24] and may be attributed to inappropriate infection control measures to burn patients. On the other hand, in Saudi Arabia, isolation was highest from endotracheal aspirates [25] . The univariate logistic regression analysis showed that the risk factors for P. aeruginosa infection were age group ≥ 60 years, hospital stay ≥ 7 days, cancer, surgery and use of antibiotics ≥ 2 days. These findings are consistent with those of other studies [28] [29] [30] .
In the current study the environmental sampling in Egypt and Saudi Arabia showed that 25.0% and 23.3% of the samples were positive, which is slightly higher than a previous study in Egypt (19.5%) [26] . This reflects the fact that P. aeruginosa is ubiquitous in the hospital environment. The isolation rate was the highest from suction apparatus tubing in Egypt (57.1%) and from both suction apparatus tubing and AV machine tubes from Saudi Arabia (42.9%). This may be explained by the failure of sterilization of suction apparatus tubing and inadequate application of standard precautions for infection control.
On the other hand, 10.0% and 6.7% of staff hands in this study were culturepositive in Egypt and Saudi Arabia respectively, which is higher than the rate reported by Crivaro et al. in Italy (3.5%) [31] . The higher rate of isolation from staff hands in this study could be due to lack of compliance of health care workers to hand-washing practices.
In Egypt antibiotic resistance rates were highest to aztreonam (96.6%), followed by cefepime (76.3%) and tobramycin (67.8%). Kamel et al., also in Egypt, reported that isolates were completely resistant to tobramycin and gentamicin and were sensitive to amikacin (68%), imipenem and meropenem (52%) and ciprofloxacin (36%) [32] . This difference could be attributed to the different rate of use of these antibiotics in different localities. In Saudi Arabia we found antibiotic resistance rates were also highest to aztreonam (96.6%), but followed by meropenem (72.2%) and ceftazidime (70.4%). This is in agreement with a study by Al Johani et al. in Saudi Arabia who found that the resistance significantly increased after 2007, especially for carbapenem (34% in 2004 to 74% in 2009), ceftazidime (31% in 2004 to 36% in 2009) and ciprofloxacin (33% to 51%) [27] . The difference between Egypt and Saudi Arabia in antibiotic resistance patterns was not statistically significant in our study, presumably due to the different rates of use of antibiotics in different countries.
As regards screening for MBLs production in imipenem-resistant strains in Egypt and Saudi Arabia, the high resistance was consistent with an Egyptian study, which found that 10/31 (32.3%) of strains were MBL-positive [33] . In Saudi Arabia, Al-Agamy et al. found that the prevalence of resistance to carbapenem was 34%, and 22% of them produced MBLs [34] . ICUs are epicentres of antibiotic resistance and the principal sources of outbreaks of multi-resistant bacteria. The non genetic causes of antibiotic resistance include excessive consumption of antibiotics by the population. More than 80% of admitted patients in Egypt are prescribed antibiotics and in many cases without documented proof of infection and this exerts a selective pressure on bacteria [35] and/or horizontal dissemination [36] . Genetic causes of antibiotic resistance are mutation, over-expression of efflux pumps, loss or modification of porins, and acquired extended-spectrum β-lactamases [37] . Evidence-based prevention strategies targeting specific pathogens should be based on a thorough knowledge of their epidemiology, reservoirs in the ICU and modes of transmission [38] . However, isolation of P. aeruginosa per se is not sufficient to determine the epidemiological importance of the site of isolation, and typing techniques are needed. The numerical discriminatory index for antibiotyping in Egypt and Saudi Arabia gave a low D index (0.712 and 0.728 respectively). This can be explained by the small number of types defined by it (9 antibiotypes in Egypt and 8 Saudi Arabia) and the heterogeneous distribution of the isolates in the groups (22 out of 77 isolates were present in one group in Egypt). This is in agreement with Freitas and Barth who declared that the low discriminatory power of susceptibility tests was not surprising since the power of a method was determined by the number of types defined by it and the relative frequencies of these types [39] . The D index for the ERIC method demonstrated that in ‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫عرش‬ ‫التاسع‬ ‫املجلد‬ ‫األول‬ ‫العدد‬ Egypt and Saudi Arabia, ERIC typing gave a higher D index (0.801 and 0.785 respectively). Sharing of certain ERIC types between patient strains may be explained by horizontal transmission from patient to patient, probably from the hands of health care workers or environmental sources. Although P. aeruginosa was isolated from the hands of nursing staff, both typing methods failed to show a direct link with strains isolated from patients. Other studies revealed that staff hands play an important role in its spread in the adult ICU [40] and neonatal ICU [31] .
As regards P. aeruginosa isolated from environmental sites in our study, 3 sites in Egypt-suction apparatus tubing, AV machine tubes and drainage container-had direct epidemiological relationships with patients. Evacuation of suction apparatus fluid into drainage containers is a possible link that could explain this relationship. In agreement with our study, Yorioka et al. in Japan found that P. aeruginosa was one of the main contaminant bacteria isolated from suction tubes [41] . In Saudi Arabia, 2 sites (suction apparatus tubing and AV machine tubes) had a direct epidemiological relationships with patients. On the other hand, in our study in Egypt and Saudi Arabia, MBL-producing strains were epidemiologically linked to suction apparatus tubing, AV machine tubes and drainage containers, while in Saudi Arabia they linked epidemiologically to suction apparatus tubing and AV machines. This finding can be explained by the fact the MBL genes are harboured in mobile genetic elements and integrons [42] . The same argument can be used to explain why some non-MBL-producing strains shared the same genotype as MBL-producing strains. Also, MBLproducing strains may have originated from the non-MBL strains that acquired the genes through some mobile genetic elements [43] .
In summary, this study adds to the evidence that strain typing using the ERIC method is superior to antibiotyping and can increase the efficiency of infection control procedures by determining the patient sources of infections that need to be eliminated and the environmental sources of P. aeruginosa that may receive less stringent action. Evidence was also provided that stricter antibiotic prescribing policies and resistance surveillance programmes are needed in Egypt and Saudi Arabia to assist in implementing infection control measures.
